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ABSTRACT 
Background: Chronic leg ulcers, or those that remain unhealed after four to six weeks (1), 
affect 1-3% of the population, with treatment being costly and health service resource 
intensive.  Venous disease contributes to approximately 70% of all chronic leg ulcers and 
these ulcers are often associated with pain, reduced mobility and a decreased quality of life.  
Despite evidence based care 30% of these ulcers are unlikely to heal within a 24 week period 
and therefore the recognition and identification of risk factors for delayed healing of venous 
leg ulcers would be beneficial.   
Aim:    To review the available evidence on risk factors for delayed healing of 
venous leg ulcers. 
Methods:  A review of the literature in regards to physiological risk factors for 
delayed healing in venous leg ulcers was conducted from January 2000 to December 2013.  
Due to limited studies and little evidence for psychosocial risk factors, all literature was 
reviewed on these risk factors.  Evidence was sourced through searches of relevant databases 
and websites for resources addressing risk factors for  delayed healing in venous leg ulcers 
specifically. 
Results:  Twenty-seven studies, of mostly low level evidence (Level III and IV), 
identified risk factors associated with delayed healing.  Risk factors that were consistently 
identified included: larger ulcer area (specifically areas greater than 10cm2 and 20cm2); 
longer ulcer duration (specifically durations longer than 3, 12 and 24 months); a previous 
history of ulceration; venous abnormalities (specifically of deep vein pathophysiology) and 
lack of high compression.  Additional potential predictors with inconsistent or varying 
evidence to support their influence on delayed healing of venous leg ulcers included: 
decreased mobility; poor nutrition and increased age. 
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Discussion:   Findings from this review indicate that a number of physiological risk 
factors are associated with delayed healing in venous leg ulcers and that social and/or 
psychological risk factors should also be considered and examined further. 
Conclusion:  The findings from this review can assist health professionals to identify 
prognostic indicators or risk factors significantly associated with delayed healing in venous 
leg ulcers.  This will facilitate realistic outcome planning and inform implementation of 
appropriate early strategies to promote healing. 
 
Review Criteria 
An extensive search of the literature from January 2000 to December 2013 was 
undertaken for physiological risk factors of online databases, Google scholar and professional 
wound management association websites. Keywords used were “Venous” OR “Varicose” OR 
“Stasis” AND “Ulcer*” AND “Non Healing” OR “Delayed Healing” AND/OR “Risk 
factor*” with further resources sourced as cited in relevant articles.  Due to a lack of literature 
in regards to psychosocial factors and their relationship with delayed healing in venous leg 
ulcers, the time limit was extended to include all literature up to December 2013. 
 
 
Message for the clinic 
 Consistent predictors of delayed healing in venous leg ulcers include: larger ulcer area 
(specifically areas greater than 10cm2 and 20cm2); longer ulcer duration (specifically 
durations longer than 3, 12 and 24 months);  a history of previous ulceration; venous 
abnormalities (specifically of deep vein pathophysiology) and lack of high 
compression 
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 Clinicians should also consider other potential predictors of  delayed healing in 
venous leg ulcers: including decreased mobility; poor nutrition and increased age 
 
KEYWORDS 
Delayed healing, venous leg ulcers, risk factors 
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INTRODUCTION 
Chronic leg ulcers have been a health care issue throughout history and remain a 
worldwide problem today.  They affect 1-3% of the population (2, 3) with high costs involved 
in their treatment, constituting approximately 2.5% of total health care budgets (4, 5).  These 
leg ulcers also involve a significant socioeconomic impact in terms of medical care, days off 
work and reduced quality of life (4).  Figures are likely to be an underestimate without the 
inclusion of indirect costs such as absence from work, forced early retirement, loss of 
functional independence and unquantifiable suffering that have been identified as additional 
factors possibly contributing to the overall burden (6). 
Venous aetiology is the underlying factor in about 70% of all chronic leg ulcers (4), that 
are variously referred to as venous, varicose or stasis ulcers throughout the literature (4).  The 
prevalence of open venous leg ulceration is approximately 0.3% in the adult population (4, 7) 
and increases with age (8). 
About 70% of venous leg ulcers will heal within a 24 week period (9, 10).  The remaining 
30% remain unhealed after 24 weeks (9, 10), often despite evidence based care.  Early 
prognostic indicators and the ability to identify risk factors would be beneficial for clinicians 
in providing appropriate information to patients and to accurately assess the healing potential 
of venous leg ulcers.  This in turn would enable the implementation of timely and appropriate 
strategies for optimal outcomes (6). 
 
AIM 
This study aimed to review the available evidence in the literature on risk factors for  
delayed healing in venous leg ulcers. 
 
METHODS 
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An extensive search of the literature published from January 2000 to December 2013 
was undertaken of the online databases Medline, Academic Search Elite, PsycINFO, Cinahl, 
Proquest, The Cochrane Library databases, Sciencedirect, Web of Science, PubMed, 
Australian Digital Theses database, Networked Digital Library of Theses, Wiley On-Line 
library and Google Scholar.  Professional wound management association websites were also 
searched for relevant information.  These searches were undertaken using the keywords 
“Venous” OR “Varicose” OR “Stasis” AND “Ulcer*” AND “Non Healing” OR “Delayed 
Healing” AND/OR “Risk factor*” with further resources sourced as cited in relevant articles.  
No restrictions were applied to date or country of publication as long as the publication 
included an English abstract.  Due to a lack of literature in regards to psychosocial factors 
and their relationship with delayed healing in venous leg ulcers, the time limit was extended 
to include all literature up to December 2013. 
This literature review concentrated on studies that investigated risk factors for delayed 
healing in leg ulcers, specifically venous leg ulcers.  There have been multiple studies that 
have investigated risk factors for delayed healing in generic chronic wounds with a variety of 
aetiologies; however, only studies restricted to venous leg ulcers were included to avoid 
complex influences on healing according to cause.  Risk factors found to be significantly 
associated with  delayed healing in at least one well designed study are included in the 
results.  There were multiple studies that investigated the effect of treatments on healing 
venous leg ulcers i.e. venous surgery and dressings, however this review was primarily 
restricted to articles reporting investigations of risk factors and not interventions or 
treatments.  All studies with significant findings and their levels of evidence are documented 
in Appendix One.  
Levels of evidence 
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Findings from research studies identifying factors significantly associated with delayed 
healing in venous leg ulcers have been rated according to the Australian National Health and 
Medical Research Council Levels of Evidence (11), as follows: 
 Level I  Evidence from a systematic review of level II studies 
Level II Evidence from a randomised controlled trial or prospective cohort 
study 
Level III-1 Evidence from a pseudo randomised controlled study (i.e. alternate 
allocation or some other method) 
Level III-2 Evidence from a comparative study with concurrent controls (i.e. non-
randomised experimental trial, cohort study, case control study, 
interrupted time series with a control group) 
Level III-3 A comparative study without concurrent controls (i.e. historical control 
study, two or more single arm study, and interrupted time series 
without a parallel control group) 
Level IV Evidence from studies with no control or comparison group (i.e. case 
series or cohort study with either post-test or pre-test/post-test 
outcomes) 
Three reviewers independently assessed the articles for levels of evidence and all 
disagreements were resolved by discussion. 
 
RESULTS 
The literature search revealed 27 studies investigating a variety of risk factors for 
delayed healing in venous leg ulcers.  Participant numbers ranged from 30 to 1186 with up to 
1324 ulcers.  Many of these studies were secondary analyses of data from previous studies.  
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The studies were conducted mostly in the United Kingdom (UK), however, others had also 
been conducted in United States of America (USA), France, Ireland, Serbia, Austria, 
Netherlands, Germany, Poland, Spain, Australia, Finland and Brazil.  Studies were conducted 
in a variety of settings, including vascular and dermatology clinics and hospital and 
community leg ulcer clinics.  Follow up periods ranged between 6 and 104 weeks.  The level 
of evidence for most of the studies (22 out of 27) in relation to risk factors was low (Level III 
or IV), with only five studies investigating risk factors by well-designed cohort studies, 
randomised control trials (RCTs) and/or systematic reviews (Level I or II evidence).  The 
significant risk factors identified from these studies have been grouped and are discussed in 
this review under the headings of either physiological or psychosocial. 
 
Physiological 
Medical and General Health 
Venous Abnormalities 
Studies on venous abnormalities have reported mixed results as to their impact on 
delayed healing in venous leg ulcers, depending on the type of pathophysiology.  Studies 
have reviewed: superficial venous reflux, with and without surgery (9, 12) [IV]; mixed venous 
reflux (12) [IV]; varicosities (13) [IV]; previous history of deep vein thrombosis (DVT) (14) [III-
2]; (15, 16) [III-3]; (13, 17-22) [IV]; superficial total deep reflux; segmental deep reflux; deep 
venous system incompetence; presence of incompetent calf perforating veins (9, 23-25) [IV]; 
popliteal reflux (12) [IV] and venous refill time (VRT) (18) [IV].  Fourteen studies of level III 
and IV evidence investigated one or more of the above venous abnormalities, with participant 
numbers ranging from 32 to 1186.  Deep vein insufficiency, a history of a DVT, popliteal 
vein reflux and VRT ≤ 20 seconds were identified as predictors of delayed healing in venous 
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leg ulcers.  The level IV evidence study by Szewczyk et al.(2009) of 121 ulcers in Poland 
determined that deep vein insufficiency was a significant risk factor for delayed healing 
(p=0.0001); while two level III studies of 32 and 127 participants determined a previous DVT 
was a significant risk factor for delayed healing (p<0.001(14)[III-2]); (p<0.001(16) [III-3]).  
One large level IV evidence study of 633 participants found that popliteal vein reflux was 
significantly associated with delayed healing in venous leg ulcers (p<0.005) , possibly due to 
compression therapy being ineffective at counteracting venous insufficiency in the popliteal 
vein (12) [IV].  In addition VRT ≤ 20 seconds (p<0.001) (18) [IV] was found to be significantly 
related to delayed healing in venous leg ulcers in a level IV evidence study of 86 
participants..  The access to and use of photoplethysmography (PPG) to measure venous refill 
time however, is not readily available to general wound care nurses. 
Comparisons are difficult due to varying assessment and inclusion criteria used in 
studies examining ulcers with venous abnormalities.  This was highlighted by Abbade et al. 
(2011) who noted that values determining abnormalities as reflux in the superficial and deep 
venous system had changed over the years, indicating that what one study found as a venous 
abnormality may not be what a later study determined to be a venous abnormality [IV].  
There were also studies that excluded participants with particular venous abnormalities.  In a 
study by Kulkarni et al. (2007), they excluded any participant with only deep reflux, 
occluded deep veins or those in whom digital photoplethysmography was not possible [IV]. 
Gohel et al. (2005) only included participants with a CEAP classification (constituting 
Clinical severity, Etiology or cause, Anatomy and Pathophysiology) of 5 or 6, indicating the 
worst categories of venous disease [IV].  The presence of a DVT appeared to be a subjective 
and self-reported measure in all studies with the participant indicating that they remembered 
having a DVT.  A key factor in relation to this is that there is a portion of the population who 
11 | P a g e  
 
have DVTs that remain undiagnosed.  Unfortunately, there was no indication in any of these 
studies as to when these DVTs had occurred in these patients. 
Overall, the results of studies examining associations between venous abnormalities 
and delayed healing in venous leg ulcers have shown evidence to suggest a relationship 
between venous abnormalities, particularly deep vein pathophysiology, and delayed healing.  
Additional high quality studies with higher levels of evidence are required to further examine 
this relationship. 
Decreased Mobility 
Lack of general mobility and use of walking aids have been shown to be significant risk 
factors for delayed healing in venous leg ulcers.  However, it is difficult to compare studies, 
due to the variation in measurement and large differences in sample sizes.  Overall, 12 studies 
of varying quality (26) [II]; (14, 27) [III-2]; (15) [III-3]; (12, 13, 20-23, 28, 29) [IV] evaluated a variety of 
measures of mobility and calf muscle function with four finding a significant association with 
between delayed healing and mobility (26) [II]; (14) [III-2]; (20, 29) [IV].   
One RCT of 40 participants followed over 12 weeks found significant improvements 
(p=0.05) in healing rates of venous leg ulcers when participants took more steps per day, 
emphasising the benefit of walking, however the target of 10,000 steps per day may be 
unachievable for the majority of venous leg ulcer patients (26).  These findings are supported 
by two further studies of level III and IV evidence (32 and 189 participants over 26 and 52 
weeks respectively) investigating reduced mobility, measured as either a daily walking 
distance of less than 200m, or grouped as walks freely / walks with aid / is chair or bed 
bound; which found decreased mobility to be an independent risk factor for delayed healing 
(p<0.001) (14) [III-2]; (p=0.013) (20) [IV].  A compromised calf muscle pump as determined by 
air plethysmography has also been associated with an increased risk of delayed healing of 
venous leg ulcers in an observational study (level IV evidence) of 129 participants followed 
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up for 12 weeks (29) [IV].  Other studies however, with participant numbers ranging from 50 
to 633, measuring mobility utilising a mobility monitor, use of walking aid, activities of daily 
living score or other categories of mobility compared to immobility found no significant 
relationship with delayed healing (27) [III-2]; (15) [III-3]; (12, 13, 21, 22) [IV].  Barwell et al. (2000) 
suggested that these crude measurements of mobility did not necessarily mean that a mobile 
patient was or was not exercising their calf and foot muscle pumps effectively and that range 
of ankle movement assessment may be a better predictor of delayed healing. 
Fixed ankle joint 
Fixed ankle joint or ankylosis of the ankle has been examined in five studies of varying 
quality with reduced ankle range of motion found to be significantly related to delayed 
healing at 24 and 52 weeks in two studies of 50 and 189 participants (hazard ratio 1.08, 95% 
CI 1.03-1.13, p=0.001) (30) [III-3]; (p=0.013) (20) [IV].  While fixed ankle joint and range of 
motion are described as significant risk factors in venous leg ulcer development, these results 
emphasise the possibility of the importance of calf muscle pump dysfunction (20).  
Conversely, three studies found ankylosis or a fixed ankle joint not associated with delayed 
healing (14) [III-2]; (15) [III-3]; (21) [IV].  Comparison of these studies is difficult as only two 
studies indicated how fixed ankle joint or ankylosis was measured, with Milic et al. (2009) 
and Barwell et al. (2001) measuring ankle range of movement with a standard goniometer 
and determining that a range of movement <20 and <35 degrees was indicative of a fixed 
ankle and/or poor ankle motility.  The complexity of factors associated with the measurement 
of mobility and venous leg ulcer healing contributes to the lack of consistency of studies and 
difficulty in comparing results to draw meaningful conclusions. 
Nutrition 
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There has been very little research into the effect of nutrition as a risk factor for wound 
healing and the work that has been done is quite dated, often with low sample sizes or 
conducted on animal models (31).  It has been indicated that many leg ulcer patients  exhibit 
low levels of Vitamin A, C, Zinc and Carotenes, however this has not been investigated in 
regards to the relationship with delayed healing in venous leg ulcers (32).   
Obesity may contribute to venous ulceration by causing musculoskeletal calf pump 
dysfunction (33).  Body Mass Index (BMI) as a measure of obesity and nutritional status has 
been investigated in patients with venous leg ulcers in 9 studies of level III and IV evidence.  
Three of these studies with follow up periods between 24 and 52 weeks and up to 325 
participants reported a significant association between obesity and delayed healing (p=0.04) 
(16) [III-3]; (p=0.01) (20, 22) [IV], specifically  BMIs > 25kg/m2 (16) [III-3] or > 35kg/m2 (20) 
[IV].  Six studies concluded no significant relationship with delayed healing in studies with 
up to 338 participants in follow up periods up to 24 weeks (27) [III-2]; (15) [III-3]; (13, 17, 19, 28) 
[IV], although one study excluded anyone with a BMI greater than 35 kg/m2 (27) [IV] and 
another excluded any BMI greater than 50 kg/m2 (13) [IV].  Further consistent studies are 
required to determine whether nutrition has any association with delayed healing in venous 
leg ulcers. 
 
Clinical 
Ulcer duration 
Fifteen studies of level III and IV evidence have investigated ulcer duration as a risk 
factor for delayed healing in venous leg ulcers.  Longer ulcer duration was consistently 
identified in 8 of the 15 studies as a significant risk factor for delayed healing  (9, 12, 13, 19-21, 34, 
35) [IV].  Three studies investigated specific durations and determined that a duration greater 
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than 3 months (19) [IV], greater than 12 months (20) [IV] and greater than 24 months (35) were 
significantly related to delayed healing.  These studies had follow up periods between 6 and 
52 weeks and included sample sizes ranging between 165 and 1324.  In contrast, seven 
studies with follow up periods between 12 and 24 weeks and including sample sizes from 32 
to 325, did not find a longer wound duration significantly related to delayed healing (14, 27) 
[III-2]; (15) [III-3]; (18, 22, 23, 28) [IV].  Most of these studies acknowledged that this finding was 
in contrast with other studies and Chaby et al. (2013) concluded that this may have been due 
to the studies that utilised tertiary care centres who have a high proportion of long-lasting 
venous leg ulcers referred that are resistant to standard care. 
Ulcer dimensions: area and depth 
Fourteen studies of level III and IV evidence have investigated ulcer dimensions as a 
risk factor for delayed healing in venous leg ulcers.  Seven of the 14 studies on ulcer area 
identified a significant association between a larger ulcer size and delayed healing (p<0.001) 
(16) [III-3]; (p<0.03) (13, 20-23, 35) [IV].  Two studies examined specific areas and concluded that 
an area greater than 10cm2 (35) [IV] and greater than 20cm2 (p<0.001) (20) [IV] were 
significantly related to delayed healing.  These studies included follow up periods of 12, 16, 
24 and 52 weeks, sample sizes of 51 to 797 participants, occurred in a variety of different 
settings and included secondary analyses of RCT’s and observational studies.  Seven studies 
failed to find a significant association between larger wound size and delayed healing (14) [III-
2]; (15) [III-3]; (12, 17, 28, 34, 36) [IV].  These studies included follow up periods of 12 and 24 
weeks with sample sizes of 32 to 633 participants. The lack of a significant association 
between larger wound size and delayed healing may have been  due to differences in 
classifications of wound areas used in some studies (14) [III-2]; (17) [IV] or restrictions in 
inclusion criteria in regards to area (12, 34) [IV]. 
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Ulcer area percent reduction has been investigated in three studies of level III and IV 
evidence with follow up periods of 12 to 24 weeks and up to 165 participants.  One study of 
104 participants followed up for 24 weeks, found a percentage ulcer area reduction in the first 
4 weeks to be a significant indicator of wound healing potential (p<0.05) (37) [IV], while 
Chaby et al. (2013), who also followed up 104 patients over 24 weeks found that a 
percentage area reduction of ≤ 30% and 40% was a significant indicator of delayed healing 
(p=0.03 and p<0.005 respectively) [III-3].  Phillips et al. (2000) indicated that an ulcer area 
percent reduction at three weeks may have been an indicator for delayed healing; however in 
the follow up period of 12 weeks no significant results were noted [IV]. 
Only one study was found looking at wound depth,  a prospective single centre study of 
189 participants, where a wound depth greater than 2cm was found to be significantly related 
to  delayed healing at 52 weeks (p<0.001) (20) [IV].  This was proposed to be possibly related 
to thea 2cm depth resulting in complete destruction of skin structures and therefore a lack of 
growth factors impeding the healing process in a wound greater than 2cm in depth (20) [IV].   
Location / Shape of ulcer 
A venous ulcer on the ankle or the posterior leg, has been found to be significantly 
related to delayed healing at 12 weeks in a sample of 338 participants (p=0.001) (13) [IV] and 
221 participants (p=0.01) (25) [IV]. One author, using artificial neural network analysis, 
concluded that the location of the ulcer played an important part in predicting healing 
outcome (22) [IV].  Other studies following between 165 and 325 participants found no 
association between position and delayed healing (22, 34, 35)  [IV].   
Cardinal et al. (2009) examined change in the shape of a venous leg ulcer in a sample 
size of 121 ulcers and found that a change in shape other than from concave to convex was 
significantly related to delayed healing at 24 weeks (p=0.001) [IV].    Sola et al. (2012) and 
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Cardinal et al. (2009) measured initial shape in a sample size of 78 and 338 participants and 
found no significant relationship with delayed healing [IV]. 
Previous ulceration 
The final stage of healing in venous leg ulcers can take up to 2 years and the tissue 
never achieves the same strength, only reaching 80% of strength in the long-term (38, 39).  
Previously ulcerated tissue will not stretch in the presence of oedema and further ulceration 
may develop at the site of old scars (40).  Scar tissue does not have blood vessels, which then 
further compromises ulcer healing (40).  For these reasons the relationship between a history 
of previous ulcers and delayed healing of venous leg ulcers has been examined, however, 
with conflicting results.  Comparison is difficult due to a lack of information in reports from 
studies on how recurrence has been defined.  Of the 8 studies with level III and IV evidence 
that investigated previous ulceration, 4 studies with 32 to 797 participants and follow up 
periods between 24 and 104 weeks found this to be significantly related to delayed healing 
(p<0.001) (14) [III-2]; (p<0.005) (17, 21, 22) [IV]  Taylor et al. (2002) concluded that a previous 
leg ulcer was the most significant risk factor for delayed healing in venous leg ulcers.  Chaby 
et al. (2006) indicated that 90.6% of participants in their delayed healing group had a 
recurrent ulceration as compared to 28.1% in the control group.  However, four other studies 
with similar sample sizes, although shorter follow up times,  did not find a significant 
relationship between previous ulceration and delayed healing in venous leg ulcers (15) [III-3]; 
(13, 19, 20) [IV].   
Wound Bed Tissue and Exudate 
 
There were only three studies that have investigated wound exudate and tissue type in 
relation to delayed healing in venous leg ulcers.    A heavier  level of exudate at baseline was 
17 | P a g e  
 
found to be significantly related to delayed healing in one study of 325 participants followed 
up for 24 weeks (22) [IV].  These results were based on ANN analysis, however were not a 
significant risk factor when Cox Proportional Hazards modelling was used on the same 
sample (22).  The authors chose not to include this variable in a prognostic index equation in 
predicting time to healing (22). Cardinal et al. (2009) and Jones et al. (2009), investigated 
exudate levels in 183 and 338 participants, however did not find levels of exudate 
significantly related to delayed healing at 12 weeks [IV].  There are problems comparing 
studies as different measures of exudates were used, thus further studies with consistent 
classifications of exudate are required to draw any conclusions.Looking at tissue type, a study 
of 189 participants over 52 weeks concluded that the emergence of skin islets on <10% of the 
wound surface in 50 days was a significant risk factor for delayed healing (p<0.001) (20) [IV], 
while also finding a wound covered with >50% fibrin to be a significant predictor of delayed 
healing (p<0.001) (20) [IV].  However, the presence, or amounts of epithelialisation tissue, 
necrotic tissue, granulation tissue or slough were not found to be significantly related to 
delayed healing at 12, 24 or 52 weeks in venous leg ulcer studies with large numbers of 
participants (15) [III-3]; (13, 21-23) [IV].   
Debridement 
Wound debridement was examined by Jones (2009) and was measured as ‘yes or no’ 
to the following types of debridement: mechanical, autolytic, sharp/surgical or enzymatic 
[IV].  Jones (2009) concluded that when yellow or grey slough was not debrided, the 
participant was less likely to achieve healing (p=0.01) and also that enzymatic debridement 
was the least effective form of debridement [IV].  Another study conducted over 52 weeks 
indicated that surgical debridement was a risk factor for prolonged healing time (p=0.02) (20) 
[IV].  They proposed the reason for this was that the surgical debridement caused complete 
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destruction of skin structures and therefore a lack of growth factors in the dermis made the 
healing process more difficult (20) [IV]. 
Wound Infection 
It is accepted that venous leg ulcers are colonised with multiple species of bacteria (41-
43) and it is noted that bacteria present in wounds changes from month to month (44) [IV].  In 
this review, there were difficulties in comparing studies due to differences in the collection of 
microbiological samples, the types of microbiological species analysed and lack of 
information in study reports on the signs that were used as an indication of infection.  No  
study has  reported any significant findings between delayed healing and type and/or numbers 
of bacteria or signs of infection in venous leg ulcers (19, 23, 35, 45)  [IV].   
Surrounding Skin 
Eight studies have examined surrounding skin characteristics (including general skin 
condition, inflammation, induration, hyperpigmentation, dry/flaky, maceration, dermatitis, 
oedema and lipodermatosclerosis) have been investigated in 8 studies(14) [III-2]; (15) [III-3]; 
(13, 17, 20, 22, 23, 35) [IV].   Only two studies, however, investigating oedema and 
lipodermatosclerosis have found any significant associations with delayed healing.  The 
presence of oedema in the legs was significantly associated with delayed healing in a study of 
338 ulcers followed over 24 weeks (p=0.001) (13)  [IV].  Lipodermatosclerosis was found 
significantly associated with  delayed healing in one study of 103 ulcers in Brazil (17) [IV]; 
however, was not found significantly associated with delayed healing in 4 other studies with 
between 32 and 338 participants from Serbia, France and the USA (14) [III-2]; (15) [III-3]; (13, 
20) [IV]. 
Ankle circumference / Calf circumference 
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Only one level IV evidence study was found investigating ankle and calf 
circumferences and encouraging results were noted with further studies required to confirm 
results.  Milic et al. (2009) studied 189 participants and examined calf circumference 
reduction of less than 3cm in 50 days and a calf / ankle circumference ratio of <1.3 and found 
these both to be significantly related with delayed healing (p<0.001) [IV]. 
Compression Therapy 
Although compression therapy is a treatment for venous leg ulcers, it is important to discuss 
the importance of the lack of high compression as a risk factor for delayed healing.  High 
level compression therapy (applying an ankle compression level of 35-45mmHg) has been 
identified as the ‘gold standard’ in the management of venous leg ulcers (46, 47).   A high 
quality systematic review of 48 RCTs, involving 4321 participants, reported 59 comparisons 
between many different types of compression and no compression; and concluded that 
compression increased healing rates compared with no compression (47) [I].  This review also 
concluded that multi-component systems were more effective than single component 
systems, especially when the multi-component systems contained an elastic bandage (47) [I]. 
Demographics 
Age / Race / Gender 
Results have been inconclusive with regards to age as a risk factor for delayed healing 
in venous leg ulcers, despite being investigated in 16 studies.  Only 5 studies concluded that 
increased age had a significant relationship with delayed healing (16) [III-3]; (9, 12, 18, 22) [IV].  
All of these studies except one (16) were conducted in UK vascular and leg ulcer services with 
follow up periods of 24 weeks.  The remaining  studies that found no significant relationship 
with delayed healing were conducted in clinics in countries including France, USA, Finland, 
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Serbia, Germany and Spain with follow up periods between 6 and 104 weeks (14, 27) [III-2]; (15) 
[III-3]; (13, 19-21, 23, 28, 34, 35) [IV]. 
Race and ethnicity has been examined as  risk factors for  delayed healing in venous 
leg ulcers in three studies in the USA.  Jones et al. (2009) concluded that being non-
Caucasian as compared to Caucasian, was significantly related to delayed healing at 6 months 
(p<0.001), whereas theother studies found that race was not significantly related to wound 
delayed healing at 3 and 6 months (34, 35)  [IV]. 
The influence of gender on  delayed healing of venous leg ulcers has been examined 
in 15 studies of level III and IV evidence.  Fourteen studies reported no significant 
relationship with delayed healing measured at 6, 12, 24, 36,52 and 104 weeks (14) [III-2]; (15, 
16) [III-3]; (9, 12, 13, 17-21, 23, 34, 35) [IV].  The only study finding a significant relationship with 
gender and  delayed healing indicated that males were harder to heal, however they 
acknowledged that it was an unexpected finding and a low priority within their patient data 
set (22) [IV]. 
 
Psychosocial 
A limited number of research studies have investigated psychosocial factors associated 
with delayed healing in venous leg ulcer patients, reporting little evidence to support any 
relationship.  Seven studies of Level II to IV evidence have investigated a range of 
psychosocial factors in participant numbers ranging from 56 to 433.  These studies had 
follow-up periods between 12 and 24 weeks and were conducted in UK, America and 
Australia.  It is known that venous leg ulcer patients report profound effects of the ulceration 
on their everyday lives, feelings and health related quality of life (48-51).  Anxiety, depression, 
social isolation and low economic status have all been suggested to be associated with 
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delayed healing.  Despite this little research has been undertaken to examine these factors, not 
only as a consequence of delayed healing, but also the role they may play in delaying healing 
(52). 
There is evidence that psychological stress adversely affects the immune system and 
therefore has an adverse effect on wound healing by delaying the appearance of 
proinflammatory cytokines early in the wound repair cascade (53).  One level III evidence 
study found that higher depressive symptom scores on the geriatric depression scale was 
significantly related to delayed healing in venous leg ulcers (54).  In another study the use of 
well-validated psychometric instruments indicated that almost half of the participants showed 
a high number of depressive symptoms and one-third had low self-esteem, however this study 
was unable to provide any evidence supporting a relationship with delayed healing (15) [III-3].    
Patients with chronic leg ulcers have been found to have significantly lower income 
than control patients without leg ulcers (55).  Socioeconomic status was measured by Franks et 
al. (1995), who reported that low social class, as determined by a classification of 
occupations and lack of central heating was significantly related to delayed healing by 12 
weeks  (OR=2.27, 95% CI 1.11-4.55) [IV].  Employment status, lower income and insurance 
status were examined in a further 4 studies with sample sizes between 94 and 433 participants 
over 12 and 24 weeks however no significant relationship with delayed healing was found (15) 
[III-3]; (36, 56, 57) [IV]. 
A further study showed significant improvements in pain and ulcer healing in patient groups 
receiving a social model of care when compared to the conventional model of individual 
home visits for treatment of venous leg ulcers (58) [II].  The Lindsay Leg Club social model of 
care has been extremely successful in removing the stigma of leg ulceration for sufferers and 
its approach has resulted in many encouraging benefits including improved concordance and 
positive healing outcomes (59).  It has been reported that patients who live alone are more 
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likely to have a higher incidence of leg ulceration (Moffatt, 2006) [IV]; however, a study 
investigating living alone in 325 participants in the UK did not find living alone to be 
significantly associated with delayed healing (22) [IV]. A study indicated that patients treated 
at home, as compared to a clinic, were significantly more likely to remain unhealed at 24 
weeks on univariate analysis, however, the difference was found to be dependent on other, 
more strongly correlated factors of larger ulcer size, longer duration and mobility (60) [IV]  
 
 
DISCUSSION 
Review of the literature on venous leg ulcers is challenging due to the range of 
definitions and methodological inconsistencies in data collection and measurement or risk 
factors.  In addition some of the research on risk factors for healing in venous leg ulcers is 
quite dated and therefore physiological risk factors have not been included in this review if 
published prior to the year 2000.  Much has changed in the assessment and treatment of 
venous leg ulcers in the last twenty years, however, there has long been interest in the 
identification of risk factors for delayed healing and value seen in determining prognostic 
indicators (44, 57, 61).  Despite this, the majority of levels of evidence from the studies in 
relation to risk factors were low with few risk factors investigated by RCT’s and/or 
systematic reviews. 
It is acknowledged that factors both within and external to the wound are involved in the 
process of healing.  Findings from this literature review indicate that physiological, social and 
psychological variables are likely to be associated with delayed healing in venous leg ulcers.  
The effects of physiological factors upon venous ulceration have been examined in a range of 
studies. In view of the fact that a number of psychosocial issues are inherent to living with a 
chronic venous leg ulcer it is important that these factors are also taken into consideration 
23 | P a g e  
 
when identifying early risk factors for delayed healing in venous leg ulcers.  Stress, 
depression, social support, loneliness and economic circumstances have been hypothesised to 
be linked with changes in immune function and therefore may adversely influence wound 
healing (52).  This review has highlighted the paucity of conclusive research on psychosocial 
factors in relation to delayed healing of leg ulcers.  The importance of investigating these in 
future research has the potential to improve quality of life for patients who have endured the 
challenges of living with chronic venous leg ulcers. 
CONCLUSION 
This  review has identified reasonable and consistent evidence for the following risk 
factors for  delayed healing: larger wound area (specifically areas greater than 10cm2 and 
20cm2); longer ulcer duration (specifically durations longer than 3, 12 and 24 months); 
history of previous ulceration; presence of venous abnormalities (specifically of deep vein 
pathophysiology) and lack of high compression.  Additional, higher quality studies using 
consistent measures and methods are required to improve the level of evidence and replicate 
or refute findings in relation to decreased mobility, poor nutrition and increased age.  The 
review also highlights future research needs in regards to the potential predictive risk factors 
of ulcer area percent reduction, wound exudate and tissue type, calf and ankle measurements, 
debridement, surrounding skin characteristics, infection, location of ulcer, and race. 
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Appendix One: Studies of significant risk factors for non-healing venous leg ulcers 
Risk factor Study Year Setting Sample Size Evidence level 
Physiological      
Medical and 
General Health 
     
Venous 
abnormalities 
Labropoulos, N. et al. (Deep vein 
abnormality/insufficiency and 
DVT) 
 
Chaby, G. et al. (DVT) 
 
Szewczyk, M. T. et al. (Deep vein 
abnormality/insufficiency) 
 
Kulkarni, S. R. et al. (VRT ≤ 
20seconds) 
 
Barwell, J. R. et al. 
 
 
2012 
 
 
 
2006 
 
2009 
 
 
2007 
 
 
2000 
 
 
Vascular clinic 
 
 
 
Dermatology department 
 
Venous ulcer outpatient clinic 
 
 
Open access nurse led service 
 
 
Vascular GP 
 
 
153 
 
 
 
32 
 
121 
 
 
229 
 
 
633 
 
 
III-3 
 
 
 
III-2 
 
IV 
 
 
IV 
 
 
IV 
 
 
Previous surgery Chaby, G. et al. (Venous surgery) 
 
 
 
Sufian, S. et al. (Venous surgery) 
2013 
 
 
 
2011 
Dermatology departments 
 
 
 
 
Center for vein restoration 
104 
 
 
 
 
25 
III-3 
 
 
 
 
IV 
Mobility / fixed 
ankle joint / walking 
aid 
Meagher, H. et al. 
 
 
Chaby, G. et al. 
2012 
 
 
2006 
Vascular outpatient clinics / 
community leg ulcer clinics 
 
Dermatology department 
40 
 
 
32 
II 
 
 
III-2 
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Milic, D. J. et al. 
 
Barwell, J. R. et al. 
 
Simka, M. 
 
 
2009 
 
2001 
 
2007 
 
Clinic for vascular surgery 
 
Leg ulcer clinic 
 
Specialist leg ulcer clinic 
 
189 
 
30 
 
129 
 
IV 
 
IV 
 
IV 
Nutrition  Heinen, M. M. et al.  
 
Labropoulos, N. et al. 
 
Milic, D. J. et al. 
 
Taylor, R. J. et al. 
 
2004 
 
2012 
 
2009 
 
2002 
Unknown 
 
Vascular clinic 
 
Clinic for vascular surgery 
 
Leg ulcer clinic 
Unknown 
 
153 
 
189 
 
345 
II 
 
III-3 
 
IV 
 
IV 
Clinical      
Ulcer duration Lantis, J. C. et al. 
 
Milic, D. J. et al.  
 
O'Meara, S. et al. 
 
Barwell, J. R. et al. 
 
Cardinal, M. et al. 
 
Gohel, M. S. et al. 
 
Meaume, S. et al. 
 
Phillips, T. J. et al. 
 
2013 
 
2009 
 
2009 
 
2000 
 
2009 
 
2005 
 
2005 
 
 
2000 
Multicentre 
 
Clinic for vascular surgery 
 
Multicentre 
 
Vascular GP 
 
Unknown 
 
Leg ulcer service 
 
Physician clinics 
 
 
Multicentre 
205 
 
189 
 
797 
 
633 
 
338 
 
1324 
 
330 
 
 
165 
IV 
 
IV 
 
IV 
 
IV 
 
IV 
 
IV 
 
IV 
 
 
IV 
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Ulcer dimensions: 
area and depth 
Chaby, G. et al.  
 
Labropoulos, N. et al. 
 
Sola, M. L. et al. 
 
Cardinal, M. et al. 
 
Milic, D. J. et al.  
 
O'Meara, S. et al. 
 
Taylor, R. J. et al. 
 
Phillips, T. J. et al. 
 
Kantor, J. et al. 
 
 
2013 
 
2012 
 
2012 
 
2009 
 
2009 
 
2009 
 
2002 
 
2000 
 
 
2000 
 
 
Dermatology departments 
 
Vascular clinic 
 
Vascular clinic 
 
Unknown 
 
Clinic for vascular surgery 
 
Multicentre 
 
Leg ulcer clinic 
 
Multicentre 
 
 
Multicentre 
 
 
104 
 
153 
 
51 
 
338 
 
189 
 
797 
 
345 
 
165 
 
 
104 
 
 
III-3 
 
III-3 
 
IV 
 
IV 
 
IV 
 
IV 
 
IV 
 
IV 
 
 
IV 
 
 
Location / Shape of 
Ulcer 
Cardinal, M. et al. 
 
 
Szewczyk, M. T. et al. 
2009 
 
 
2009 
Unknown 
 
 
Venous ulcer outpatient clinic 
 
338 
 
 
121 
IV 
 
 
IV 
Previous ulceration Chaby, G. et al. 
 
Abbade, L. P. F. et al. 
 
O'Meara, S. et al. 
2006 
 
2011 
 
2009 
Dermatology department 
 
Ulcer outpatient clinic 
 
Multicentre 
32 
 
103 
 
797 
III-2 
 
IV 
 
IV 
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Taylor, R. J. et al. 
 
 
2002 
 
Leg ulcer clinic 
 
 
345 
 
IV 
 
Wound bed tissue 
and exudate 
 
Milic, D. J. et al. 
 
Taylor, R. J. et al. 
 
 
2009 
 
2002 
 
Clinic for vascular surgery 
 
Leg ulcer clinic 
 
 
189 
 
345 
 
IV 
 
IV 
Debridement Milic, D. J. et al. 
Jones, K. R. 
 
 
2009 
2009 
Clinic for vascular surgery 
Hospital/Community/Medical 
Centre 
189 
183 
IV 
IV 
 
Surrounding skin Abbade, L. P. F. et al. 
 
Cardinal, M. et al. 
2011 
 
2009 
 
Ulcer outpatient clinic 
 
Unknown 
 
103 
 
338 
IV 
 
IV 
Ankle/Calf 
circumference 
 
Milic, D. J. et al. 
 
 
2009 
 
Clinic for vascular surgery 
 
189 
 
IV 
 
Compression 
therapy 
 
O'Meara S. et al. 2012 Multicentre 797 I 
 
Demographics      
Age Labropoulos, N. et al. 
 
Kulkarni, S. R. et al. 
 
Gohel, M. S. et al. 
 
Barwell, J. R. et al. 
 
Taylor, R. J. et al. 
2012 
 
2007 
 
2005 
 
2000 
 
2002 
Vascular clinic 
 
Open access nurse led service  
 
Leg ulcer service 
 
Vascular GP 
 
Leg ulcer clinic 
153 
 
229 
 
1324 
 
633 
 
345 
III-3 
 
IV 
 
IV 
 
IV 
 
IV 
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Race Jones, K. R. 2009 Hospital/Community/Medical 
Centre 
183 IV 
Gender 
 
Taylor, R. J. et al. 
 
2002 
 
Leg ulcer clinic 
 
345 
 
IV 
 
 
Psychosocial 
     
Low social class Franks, P. J. et al. 
 
1995 Community leg ulcer clinic 
 
411 IV 
Home care Franks, P. J. et al. 
 
1995 Community leg ulcer clinic 
 
411 IV 
Social care Edwards, H. et al. 
 
2005 Community 56 II 
Depressive 
Symptoms 
Finlayson, K. J. et al. 2012 Hospital/Community 103 III 
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